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ELECTRICITY ON THE FARM.
History:
Electricity was known to the Greeks more than twenty cer.t -
uries ago, through the property acquired by amber in attracting
light bodies when rubbed by a piece of dry cloth. Down through the
ages up to the nineteenth century it belonged to the region of meta-
physics, when Faraday made the discovery of the mechanical genera-
tion of electricity by magneto-electric induction. Through the works
of Lord Kelvin, Joule, TTilliam Siemens, Pacinotti, Gramme, Ferraris
and others the scientific theory of electric phenomena was thus laid
down. It was also during this period of the nineteenth century when
electricity first became a factor in the industrial world. Through
the engineering skill of Tesla, Eobrowloski and of Brown the induction
motor became a commercial machine. The many improvements made in the
mechanical construction of steam engines, gas engines, steam turbines
and water turbines resulted in the Economical generation of electric-
ity.
The introduction of electricity into the farm will supply the
farmers that power which they have long recognized to be needed fcn
their farms and in their homes. Until its introduction very little
progress was made on the mechanical application of power in the farm.
The farms are immovable, they can not be taken to a place where power
can be cheaply generated. It is the power that must be brought to the
fields where the work is to be done. As the work of the average farm
is scattered and requires but little pcwer for each, the installation
of a power plant using shafting for the transmission of power is made
impracticable. Animal power is thus exclusively used in the farms be-
cause of the ease with which it can be shifted from place to place
where the work is required. With electricity, the above objection
does not hold any longer as electricity can be transmitted to any

rr-
place around the farm without excessive loss and efficient motors ranty
ing in size from l/4 h.p. up to 1000 h.p. can be used. At the same
time these portable electric motors are lighter and more reliable tharl
any other kind of a driver. The operation is so simple that any farmef
can handle it. Also the cost of repairs, lubrication and maintenance
is low.
The farm is still the stronghold of animal labor. The animal is
indeed an ingenuous engine and more efficient than any engine man eve
devised. Count Rumford remarked once that we can get more work out of
a ton of hay if we feed it to a horse, than to burn it in a boiler.
But it is an expensive engine to keep and at the same time the power
that it can exert is a variable one, and limited by its habit and
climatic conditions. The rating for each individual is practically
the same, consequently when heavier work is required a greater number
must be had, which becomes rather cumbersome.
In Germany several tests have been made on the advisability of
using electric motors in plowing. The results of tests described in
the next page is of great interest as it shows v/ha't has been done
along this line in other countries. The electric plows are operated
under two systems - the single motor system with anchor car, and the
two motor system. The apparatus in the single-motor system is in thre
parts- the travelling electric motor, which is placed on one side of
the field, the anchor car, placed on the opposite side, and the rope
transmitting the power. In the two motor system the anchor is replac-
ed by a second motor; the motors operate alternately in moving the
plow back and forth across the field. 60 horse power are requisite
as a maximum for turning a 36-centimeter ( 14 inches ) furrow in heavj
soil
.
On pages 3,4,5,6,7,8, are several pictures (reproduced from
Western Review and Electrician' showing these motors in operation.
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Table 2.
Approximate Cost of Tower and Labor of Electric Plowing.
Depth of Furrow
- > ••••••••••••••
Acreage
Acre cultivated
Months
Acres cultivated
per 14-hour day
Acres cultivated
per hour
Plow in operation
in hours
Power consumed per
hour in horse-power
Power consumed per
acre in horse-power
Cost of power per
acre § 3 per kw.hr
Cost of plowing per
acpe including labop
@ 15/ per hour ( 2
men )
4 inches
600
460 —
July —
Aug. —
21 -
1.5
320 -
75 -
- 120
- Sept
—21
- 1.5
—80
- 75
50 50
| 1.00 1.00
3 1.20 -$ 1.20
8 inches
360
240 120
Aug.
S ep t
.
21
—March
21
1.4 - 1.4
160 80
90 —
-
90
— 90
— 90
60 60
$ 1.20 - S 1.20
$ 1.40 - $ 140
10 inches &
6 inches subso
600
360 240
Oct. Npv.
16.8 — 16.8
1.2 — 1.2
300 200
105 -
105 -
770
- 120
- 120
80
1.40 -$1.60
$ 1.60 - | 1.60
Kind of Plows
Tabl e 3
Maintenance jf Plows
Per hour : Per hour
Steam plows
Electric plows
( 2 motor )
Electric plows
(1 motor )
Team
$ 4.10
$ 2.95
$ 2.60
$t 3 . 5
% 3 . 28
$ 2.36
I 2.10
S 2.60
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The Electrical Review ( London ) of Oct. 1, 1900, cave the fol-
lowing account of three typical agricultural central statioms in
Germany. The Vangeron-Lottin Station has a 300-h.p. water power
and an 180-h.p. steam plant as a reserve. This station supplies ener-
gy to 61 agricultural undertakings and five townships, together v/ith
41,200 acres of arable land. The network of connecting wires is 137
km. ( 55 miles ) in length supplying energy over an area of 270 sq.
km. ( G70 acres) . There are 102 consumers with 150 motcrs, equal to
1115 h.p. and about 5,000 incandescent lamps. During last year about
440,000 kw—hours at an average price of 3 cents for motors and 6.65
cents for lamps. The second station, Bartin-Beswi tz , which cornr-ienced
operations last year, started v/ith a trnsmission line of 180 km., but
40 km. have been added, and this station now supplies energy over
170,000 acres, of v/hich 80,000 are plowed land. There are 180 motors
and about 5000 incandescent lamps, representing a total approximately
1300 kw. . The price of energy for lamps is 6.25 cents; for motors
there is a sliding scale of from 2.75 to 3.75 cents. Each member of
the syndicate has to guarantee a minimum consumption of 5 kw-hour pel
year per acre of arable land. An -estate of 2,000 acres of plowed land
must, accordingly, consurru -0,000 kw-hours per year. The Birnbaum-
Meseri tz-Schwering station has also begun operations, and already
supplies energy tc 10 estates and 14 villages. Transformers convert
the high voltage to a lower voltage, such as is required for use on
estates and in villages. The transformers are generally housed in smalJ[L
buildings; for field work, however; where the energy is required in
various places, portable transformers are used. By means of a flexi-
ble connection the primary of the transformer can be joined to the
overhead wires at any desired point, while the secondary is connected
to the motor. Thus the agriculturist is in a position to make use of
the energy in any portion of his land'.
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Mr. Frank Koester gives the following data on Electric Plow
ing. t Electrical Review and Western Electrician ).
Table 1. gives the comparative figures of first cost, opera-
tion, etc., of a steam plow system and an electric plow, both for sin-
gle and double motor systems.
Table 2. gives the approximate cost of energy of about 80^
of a 1200 acre farm of which 750 acres are devoted to grain, 300 acre
to beets, potatoes, etc..
Table 3. gives the operation and maintenance costs based on
a 12-hour day for 100 days of the year.
Table 1.
Comparative Costs Of Plow Systems.
System Steam
First cost ( com-
plete equipment)
Interest in per
cent..
Amortization per
c ent
.
Repairs Amortization
rate according to use
per hour, per cent.
Bumber of men
Coal consumption per
hour at S 6.00 per
ton
Energy consumption
per hour in kw. hrs
.
Cost at 3 cents
per Sew. nr.
15,000
4
4
.
01
$ 0.60
Electric (2 Motor Electric ( 1
; . .Motor) ....
$ 11250
4
.005
30
$ .90
$6750
.00!
33
« n QQ

Here in the United States no attention is being paid to the
use of electricity for plowing purposes, and the steam and gasolene
tractors which are more cumbersome and less efficient than electric
tractors just described are exclusively used where large amount of
power is required. Regarding the working operations of the steam and
gasolene tractors Mr. L.W.ELLIS gives the results of the Agricultural
Motor Competitions which have been held at Y/innepeg and Brandon, Man-
itoba, and of the investigations which he himself has conducted in
connection with the U.S.A. Department of Agriculture.
Results of Tests;
Steam Tractor
Pounds of Coal and Y.'ater used per delivered H.P. hour.
•
' Single
:
Cylinder • Double Cylinder Compound
jMSl ; Coal ; Water • Coal jj^erj Coal,; Water
-==Brakii__i_5_.fcZ2 1 MAZi 4.96 : S4.94
Flowing: 7.46 j__52^80 j._0_t§Z i-J^C^i I
Hauling: 14. 18 : 114.60 j.12.84 LMJLQX i
"5 team tractors as a rule use from 7 to 8 lb. of aater per lb.
of coal. Report of 333 plowing engines of all types in the United
States and Canada indicate an average of 7.67 lb.. Twenty four public
brake tests show a mean of 7.87 lb.; 16 plowing tests 7.08 lb.; and
4 hauling tests 7.41 lb.; or a mean of 7.42 lb. for 44 tests. Single
cylinder engines show a ran^e of from 3.3 to 10.3 according to the
official tests. Conditions are such, however, as to arouse doubts as
to the accuracy of such extreme figures. By making enough assumptions
we can compare these data with those furnished by operators of 11 oil
burning steam engines in California. These men report the use of 9.4
gallons of water per gallon of oil. Assuming the oil to be 20 degrees
Baume' and to contain 20,000 B.T.U. per lb. they use 1990 B.T.U in
evaporating lilb. of water.

Gasolene Tractors
Gasolene Consumed per Delivered H.P. hour.
13
: 1 Cylinder : 2 Cylinder : 3 & 4 Cylinder
— •
; Tfn r Test . : T.b . Fuel
* * • •
• Utt
.
T««t.e h PiiflT TIr>.Test.« T.ti Vn«l
Drake ; 11 .. .5G7 4 : fts« 1 2
Plowing • 1.275 4 '• 2.07Q 9 : 1 .778
Haul i ng : 5 • 1".55C 1 ; 3.97 • _£ 1 .880
"She average consumption of 27 brake tests is .747 lb.; or a
trifle over a pint pei H.P. hour; the gasolene used being 70 specific
64 degrees Baume gravity, nineteen plowing tests averaging 1.67 lb.;
and 12 hauling tests averaging 1.91 lb., per drawbar K.P. hour.
Tractive Efficiency Test -
Determined by comparing Fuel consumed and horse power developed
at V,rinnepeg, Manitoba, July, 1909.
Single cylinder
* Total
.
Iweight
"per inch
: width of
._.J.driy.er^„
Weight
per eco
nomy
B.H.P.
.urawbar H.P. ; i.Fuel per B.H.P. hr
•Fuel per drawbar H.3.E.P.
Plowing
gasolene low wheel 299 :: 535 ; .614 : .508 : .441 :: .355
.
—
Four cylinder gas-
olene high wheel: 407 1 416 j ,499 • . 538 : .533
Steam
585 :: 456 • .566 '. .293 : .499 \: .344
Hauling Plowing. Hauling
The drawbar pull of the gasolene tractors average about 17 per
cent of the total weight in the hauling test and about 24 per cent
in plowing. One horse power v/as developed for 922 lb. of total
weight. The drawbar pull of steam engines v/as approximately 11 per
cent of the total weight in hauling and 22 per cent in plowing.
Averaging the two tests the steam tractors have the credit for 1
tractive horsepower for each 1033 lb. weight.
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The safety, cleanliness, and convenience of electric
light is conceded as superior to city gas light or kerosene lifeht.
Due to the prevalent impression that electric light is a luxury,
the University of Illinois has, through its Engineering Experiment
Station, issued a Bulletin entitled, "Lighting Country Homes
by Private Electric Plants." The following table is taken form
the above Bulletin:-
Dinijting Room, Two lights on during breakfast
and supper, 5:00 - 6:30 A. M.
5:30 - 7:00 P. M.
. . .
.6 lamp hrs.
Living Room: Three lights on only after
supper, 7:00 - 10:30 .
. .
.
10.5 v v
Kitchen: Two lights on while prepairing meals
and washing disnes morning and evening,
5:00 - 7:30 A. M. & 5:00 - 7:30 P. M.
.
.
10 "
Front Hall one light 7:30 - 10:30 P. M. . 2.5
Front Porch one light 7 : 30 - 9 :00 P . m. . 1.5 n
Rear Hall, one light 5:00 - 6:00 A. M.
6:00 - 7:0C P. M.
.
2.5
Bed rooms, Two lights. 5:00 - 5:30 A. M.
9:00 - 9:30 P. I.
One light 10:30 - 11:00 " . 2.5 n
This gives a total of 35.5 lamp hrs. which may be
taken as a conservative average of the number of lamp hrs. used
in a country home of ordinary size. The cost of the complet e
lighting outfit ready to turn on the switch' is $525.00,
Allowing for incidentals and for expenses unprovided for in the
estimate, the plant will cost not more than 8550.00.
Cost of operation:
Interest and depreciation § 10% , . .t 55.00
Cost of gasoline § 1.8/ per hr. for chg. battery 52.40

This amount looks excessive if we think of. lighting as
the only benefit that can he derived from the above installation.
During one half of the day, the gasoline engine is idle. It can
be used then for other purposes, such as pumping water for the
crops, for the house use if there is a private water system which
can also be obtained at a reasonable price. In the line of
household utilities, there is the electric iron, which is far
superior to the ordinary flat iron; the electric driven washing
machines; the electric sewing machine motor, the vacumn cleaners;
the milking machines, the electric fans; and countless other minor
applications which will greatly relieve the farmer from the
drugery which has driven many from the farms. The farmers are
rather slow in taking advantage of the benefits to be derived
from electricity. A clean home, pleasant work, abundant power,
are the natural results of electricity on the farm.
Such 'work as the husking and grinding of corn, threshing
and grinding the grain, and other minor work on the farm are
also adapted to be done by the electric motors. In the following
pages are given the results of several tests conducted on electric
ally driven machinery.
On pages 21 to 28 are given several illustrations of
how an ordinary country home can be made modem and can be equippe
with all the comforts of city homes.

16
GRINDING cam.
MATERIAL
Motor alone
Motor & Grinder
Grinder alone
Grinding corn
Machinery.
Test Ho. 1.
Test No. 2.
Test average
Y/ork
done
in
Bus.
Test No.
Corn damp.
3.
23 . 57
22.6
12
Rate Total
Time per kilo
in hour watt
min. Bus. hours
10
10
10
35 40.4
33 41 .
1
— 40.7
.106
.341
.235
9.65
9.36
Kw Bus.
hours per
per
BjliL
.408
.414
.411
Kw Kilowatts
hour Max. Mln. Ax
2.45 20.7 10.9 16
2.41 21.0 11.0 17
2.45 — — 16
21 34.2 7.29 .607 1.65 25.8 14.4 20
NOTE - The corn used in Test NO. 3 took
more power to grind because it had
just been husked from the shocks
and was damp.

Machine -
17
MACHINES, under test.
Name Scientific Grinding Mill.
Capacity - 40 bushels per hour (corn and cob).
Make - Foos Company for Bauer Bros. Co., Springfield, Oh.
Speed - 750 r.p.m.
Starting Torque Necessary — Not heavy.
Motor -
Size — 15 H. P. .
Rating - 220 V. three-phase, 60-cycle, 38 amperes.
Make - Westinghouse (Induction).
Speed - 850,
Type - CCL.
Belted Length of belt - 30 feet.
Diameter of driven pulley - 14 w
.
Angle of belt drive and degree of angle - Horizontal.
No. of hours used during year for this operation - About 100.
Time of year most used for this operation - All year.
Objections to machine as installed (Farmers and our own) - Motor
a little small for some operations.
Advantages of this machine over other source of power —
Cheaper, more flexible, ready for use at
any time. Does not require experienced man
to operate, constant speed.
General write up — The motor is used for this purpose about
every two weeks, grinding up to about 150
bushels of corn every time.
—o—o—o—

18
COST OF GRINDING 4000 BUSHELS OF EAR CORN BY
ELECTRIC EQJlEB fiB OWNERS £ARK.
Cost of Motor €260.00
Cost of Grinder 100.00
Belt and installation 40.00
Motor and belt used 150 hours per year.
Depreciation of Motor and Belt § tofo
(2/3 charged to Grinding) 3 20.00
Interest on $300 § &fa (2/3 charged to Grinding) . . 12.00
Depreciation on Grinder § 10% 10.00
Interest on $100 § 5% 6 .00
Total interest and depreciation $ 48.00
.411 Kw. hours of electricity per bushel § 5^ per Kw. Hr. $ .0205
Interest and depreciation .012
Labor - 2 men for 100 hours § 15^ per hour . . . .0075
Total cost per bushel . . $ .04
Cost of grinding 4000 bushels $160.00
-o-o-o-o-o-o—o-o-o-o-o—o-
C0ST OF GRINDING 4000 BUSHELS OF EAR CORN IF
HAULED TO NEAREST MILL, TWO MILES DISTANT
43 bushels corn per load
94 loads, 3000 § per load, 140 tons Cost per bushel
Cost of hauling three loads per day, man & team S3. 50. . . .$.027
Cost of grinding @ 5/ per bushel .050
TOTAL COST PER BUSHEL $.077
Cost of grinding 4000 bushels $308.00
" " " " by electricity 160.00
SAVING PER YEAR BY USING ELECTRIC POWER .... $148.00
The above is figured on a fair average price for power per
Kw. Hr. This Man's power actually cost him only 3^ per Kw. Hr.
with a saving resulting of $180.68
-o-o-o-o-o-o—o—o—o-o-o-o-o—
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THRESHING 175Q EHSHZL. OE BARLEY E1H gjSCLIKE TiiA_l_E.
Tractor used 40 days per year.
40.2 gals, gasoline § $.12 (1.07 pts. per H. P. hour). I 4.80
Labor of engine man ________ 3.00
Board of man ______ __ _ __ .50
1 gal
. oil per day § $.20 (1.2 days) .24
Depreciation on $2,250 (1.2 days § 10 per cent) - 6.75
Interest on (1.2 days at 6 per cent) $2,250 4.05
Total $19.34
Average per bushel - $.01105
THRESHING 1750 BUSHELS. Q£ MBLEX Yfl TH ELECTRIC POWER.
Motor used 150 hours per year.
220 Kw. hours © $.05 . $12.00
Depreciation on $300 (l2hours @ 10 per cent) .24
Interest on $300 (12 hours @ 6fo) . 14
Total $12.38
Average per bushel $.00707
Saving per bushel .00398
Total saving ____ 6.96
Note — Very little saving is- shown on account
of the small amount of grain threshed.
-0-0-0-0-

20
maciiim; wnm test.
Machine -
Motor —
Name - 6 roll Shredder & Husker,
Capacity — 2.6 tons per hour.
Make — McCormick.
Speed - 1000.
Size - 15 H. P.
Rating - 220 V., three-phase, 60-cycle, 38amperes.
Make - Westinghouse (Induction).
Speed - 850.
Type - CCL.
Diameter of driven pulley — f
Length of belt - 30 ft.
Drive — Horizontal.
Number of hours used during year - 21.
Time of year most used - Winter months.
MATERIAL
—O—G—O—O-
SHREDDirTft & HT7SKINC- CORN
Work
Time
In
Rate
per
Total
Kw.
hours
Kw.
hours
per
ton
Tons
per
Kw. Kilowatts
Max Mill Avr
Motor alone
Motor & Shredder
Shredder alone
Fodder 1500 •
(12 bush,
corn)
10
10
10
23 3900
.106
1.425
1.319
4.03 5.37 .186 14.5 8.2 10.5
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The Influence of Electricity on Plant 3rowth.
The influence of electricity on plants was brought to the at-
tention of Prof. Lemstrot: of Helsingfors when he noticed the luxuriar
growth of plant life in the polar regions. If plants could grow only
in the presence of sunlight, such a phenomenon could not be possible
as there was not enough sunlight to give the plant such vigorous
growth. He concluded that the aurora borealis which is an electrics!
phenomenon, must have some influence on the life of these plants. He
set to work on the problem and concluded that electricity has a mark-
fffeef
ed on the growth of plants.
It is also noticed that the plants growing along high tension
transmission lines are more healthy than those farther from the lines
It is even asserted that injurious insects are absent from the near-
by trees. Perhaps the small insects are electrocuted. The trees are
good conductors, consequently the insects are prevented from attack-
ing the leaves nearest the lines.
There were several tests made to determine the definite influen-
ce of electricity. Two of these tests are here quoted in full.
Electricity In Agriculture.
Sir Oliver Lodge.
Living Age, Vol. 288 p 639.
"The power is generated by a two horse power oil engine driving
a small dynamo in an outhouse of the farm. Thence the current is
taken by an ordinary overhead wires to the field, where it enters a
suitable water tight hut, which contains the transforming and recti-
fying apparatus. The only movinr part here is the "break" and if the
original dynamo had been an alternator, even this might be dispensed
with. The transformer is ? large induction coil, especially made to
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withstand constant use, and its current is then rectified "by means of
of vacuum valves in accordance with a patented device of my own.
"The negative electricity is conducted directly to the
earth, while the high tention electricity is all of positive sign and
,
is led by a specially Insulated conductor out of the shed to the
nearest point of the overhead insulated wires which are thereby
maintained at continuous high positive potential.
"The following is a very brief summary of returns and
Information supplied to me by Mr. Newman and Mr. Boniford, showing
the results from the electrified as compared with the unefectrif i ed
plots.
Summarized Results of the 1906 Experiments. Bushels of wheat to
the acre. (Estimated corresponding Increase of straw not measured.
Electrified Unelectrlfied Increase
Canadian (Red Fife) 35.5 25.5 49$
English (Tffhite Queen) 40 31 30<
The electrifi ed .wheat sold for 7 more per Bushel.
Several millers In baking test found that It produced a better
baking flour.
Results of the 190? experiments on wheat, Red Fife,
spring sown.
Bushels per acre (Head wheat)
Electrified Unelec trif i ed Increase.
41.4 32 29^
Electrifi el brighter and a better sample.
Hours of running 1906.
March 16 to July 10 Inclusive 621.7hrs. or. 90 days.
Average electrical pressure corresponded to a 3/4" spark. The
current was shut off after ears were In bloom.
1907.
March 28 tp July 27, 1014 hrs. on 115 days. Average pressure
corresponded to l/2 n spark. Current kept on until harvest.
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The Russian Botanist Spechniew, submitted grain to electrical
action, and thought that it sprouted earlier and more vigorously
than grain not so Ireated. Pautens, who in 1894 repeated
Spechniew' s experiments on a larger scale, came to the conclusion
that electricity had no effect on dry seeds, but that it promised
excellent results when applied in connection with moisture, which
in itself promotes germination. The same conclusion was reached
by Kerrey, who in 1897 electrified grain sown on moist sand in a
glass cylinder trough where it could be observed. The me tal
top and bottom of the cylinder were connected to the poles of a
galvanic battery.
In 139G Lemstrom resumed his experiments with the aid of
an improved electrical machine and distributing apparatus.
Again he observed remarkable increases of crop, with tobacco 40$
potatoes 50$, peas 56$; sugar beets 40$, carrots 37$, and grain
25 to 30$.
Professor Guarini also asserts that atmospheric
electricity is essential to plant growth. An experiment made
where the plant is enclosed in a metal Faraday cage which allows
sun light to penetrate but not atmospheric electricity specially
radiated from the sun, it. was found that the plant died and .
barely survived. But the plant can be made to flourish in absolute
darkness and produce earlier, finer and more abundant fruit than
it would under ordinary conditions If given adequate and judicious
electrical treatment by using 3 high tension direct current
machines In series, giving 69,000 volts.
Guarini r s Theory: The current passing through the plants
to the earth or vice versa, decomposes carbonic acid in the
chlorophyl, producing carbon and oxygen which is essential to
plant growth.. Chemicals j n the soil are decomposed and the
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meuriohingelements are more readily assimulated . The electro-
capillary effect causes sap circulation to increase, the water
and the other nourishing materials are drawn up into the plant
due to difference of potential between the atmosphere and the
soil, the former being positively charged with respect to the latter.
If a test should be made, the atmosphere should have
plenty of carbonic acid in a tightly closed greenhouse. The
treatment should be given to the plants for successive generations
so that becomming "used to the forced alimentation, respiration,
and transpiration, they will become more susceptible to more rapid
life. The object would be to push the production to the extreme
and obtain several crops in the same year.
This experiment would be valuable in producing good seeds
within a short period. The method of selection requires a long
time.
Advisability of Various Prime Hovers for the Generation of
Electricity.
A young electrical engineer during his vacation time may
be called upon to act as consulting engineer for several farmers
in his neighborhood In the construction and design of a small
private plant, to supply power as required on an average farm.
In the appendix are given several tables and data which may be
required for the general purposes of the farm. While the instal-
lation Is of small capacity, yet the experience he may gain is of
great value to him for his preparation for larger works. He may
be called upon to use the force of the wind; the force of a
neighboring stream, or the generation of heat from fuels such as
may be found abundant In that particular section.
In Kent's Handbook, page 4-98, the following is quoted:

"Electric storage and lighting from the power of a windmill has
been tested on a large scale for several years by Charles F Brush,
at Cleveland Ohio. In 1887 he erected on the grounds of his
dwelling a windmill 56 ft. in diameter, that operated with ordinary
wind a dynamo at 500 R. P. M. at an output of 12,000 watts - 16
electric horse power - charging a storage battery that gives
constant lighting capacity of 160 16 to 20 candle power lamps.
The current from the dynamo is automatically regulated to commence
charging at 530 R. P. BE. and 70 volts and cutting the circuit «ut at
75 volts. Thus, by its 24 hours work the storage system of 408
cells is kept in constant readiness for all the requirements of
the establishment, it being filled up with 350 incandescent lamps,
about 100 being in use in the evening."
In the appendix is given a useful table on sizes, power,
and cost of modern windmills. (From Bolton* s Motive Powers, page
36).
The general problem of steam and gas power plants jLs fixed
in almost every case by local conditions. Such as the selection
of a proper site which will permit the di stribution . of power with •
the least cost of transmission lines, the cost of fuel and water
transportation facilities for the supply of fuel and the removal
of ashes. At present the use of steam power seems to decline
for small installations. The use of gas producers seems to be
advancing for smaller installations and is even threatening
steam power for large capacities. Steam boilers have not yet
reached the ideal condition and perhaps with the recent advances in
the method of combustion laid down by Prof. Bone, great possibil-
ities may still be expected from steampower. The utilization of
exhaust steam for heating will also reduce the unit expense of the
power plant.
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In small plants such as may be required in the farm the
an
gasoline engine is an example of A exc eedingly cheap power generator.
It is cheap to install and cheap to run.
The proper choice then for the proper prime mover should
be based on the investigation of local conditions such as the
proper location and the facilities for transportation, the first
cost of the plant, fuel consumption, cost of fuel and water, and
the size of the plant. In the study of the application of each
of these the important question to be kept constantly in view is
efficency and economy, in other words, will the investment pay,
and will the operation produce the largest possible putput.
In the appendix are given data and tables which may be of.
use in the designing of small stations, such as may be required
on the farm. It is made unusually long as the data concerning
farm operations are rather scattered and not easily available.
A small water power plant bui 1 1 purposely for farm work is
described in the Popular Electricity of August. 1911. The mechanical
features of the plant are as follows: " The head race is of concrete
and is 5 feet deep by 4.5 feet wide and terminates in a penstock. At
both ends of the race ^re metal bar screens to prevent leaves, sticks
etc. from entering the penstock. The penstock is made of about an
18-inch tube of tile set. vertically in an elbow into the casing about
the wheel. This tile is sorrounded by concrete as is also the casing
and the 17-inch Sampson Turbine Wheel.
A 40-inch horizontal pulley on the vertical shaft of the tur-
bine conveys its power to a vertical wooden pulley on the generator
by a belt making a quarter turn and this -operates very satisfactorily
and does 'away with shafting and bevel gears. The generator is a di-
rect current Fort Wayne "WOOD" rated at 12 kw. and 220 volts and 950
R.P.M.. The total cost of equippment is as follows:

Power House . $ 115.00
Dynamo 245.00
Turbine wheel and a 40-inch pulley .... 205.00
Repairing the old head race &. tail. race 225.00
Building penstock 200.00
Pole line wire 175. 00
Switchboard 78.00 .
Dam
#
450. 00
TOtal 1793.00
The total costs including motors is $ 2,500.00.
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Electrical Plants for Irrigation Purposes.
Steam Electric Plants.
(From Electrical World, Sept. 30, 1911, p. G07).
"The Northern Colorado Power Company v/as formed to
generate power cheaply In the lignite coal fields and distribute
this for Irrigating purposes throughout the richest agricultural
part of Colorado and Wyoming, and to supply the needs for lighting,
motor and railway service of the 120,000 people in the territory
contiguous to the lines.
ffThe territory supplied by the concern with power extended
from Denver, Colorado on the south, to Cheyenne, Wyoming, on the
north and from the foothills of the Rocky Bits, on the west to a
line some 50 miles eastward on the plains.
Main Power Plant.
"The main power plant Is located in Colorado between
the towns of Louisville and Lafayette, on the Colorado and
Southern Railway, 15 miles northwest of Denver, and at the
Company's coal mines in the center of the northern lignite fields
at a place where a 26,000,000 cu. ft. reservoir is available,
for condensing water.
"Energy at 13,000 volts Is generated by Parson's turbines
running condensing which receive their steam from pressure boiler.
"From the power house a main transmission line carrying
60 cycle, three phase 44,000 volt energy is built due north, then
east, and a second line extending east and north connects with th£
first named line at Greely Col., forming a closed loop of
transmission line enclosing an area of 940 sq. miles, and from
these lines are branches running out in all directions carrying
leads of 13,200, 6,600, and 2,300 volts.
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Substations.
"Substations and switch stations are located about 20
miles apart along the line, and switches are so arranged that any
substation or and section of line can be cut out without disturb-
ing the remaining line or interferlhgj with the service. TTood-
en pole construction is used through out with 4 poles to the mile;
on the poles which carry the high tension ^ransmi ssion line.
Low voltage 3 phase lines are carried from one substation to the
next; from which the lateral pumping leads arise and cross the
country and furnish service to the pumping plants.
Pumping Plant Equipment.
"The pumping plant equipment consists of a centrifugal
pump, single or multiple stage, driven by a 23,000 volt 3 phase
60 cycle induction motor. The discharge from the pump is carried
through long and easy bends of light steel pipes in order to
reduce the friction head to a minimum.
"A standard type of panel carrying meter fuses and no
load and full load release is used. A housing for the motor and
controling apparatus is built of concrete blocks with patent roof
and cement floor, and the consumer is encouraged to go to this
expense to protect his motor and equipment.
Pumping Costs.
Under average conditions where pumping plants are used to
cover 160 acre tracts and lift the water through a 25 ft. head,
the farmer makes an investment of $7.45 per acre to install a
good efficient plant complete in every way, ready to furnish
water to the crops. The cost of operating the plant as above,
pumping from a well covering 160 acres through a 25 ft lift, 'the
farmer's costs will vary from Si. 75 to $2.25 per acre foot
,
i. e.
to cover each acre 1 ft. deep.
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type exciters, belted to a pulley on the shaft extension of each
generator unit, three 400 lev. a, 600 to 1100 volt oil Insulated
self cooled transformers.
Producers.
The producer equipment consists of three 500 h.p. West-
ing ho use double fire zone, center off take suction type bitum-
inous gas producers, three Iio. 7 Root exhausters and one No. 4
auxiliary exhauster, same type, three dry scrubbers, each about
6 ft. in diameter by 3 ft. in height. Three static washers,
three 25 h p motors for operating the three large exhausters,
one 12 h p gasoline engine for operating the auxilary exhauster,
two gasometers, a gas mixing afrrum or header, 6 ft. in diameter
and 58 ft. long; a 20 inch gas supply header 52 ft. long, together
with the necessary water suply and discharge pipes, gas and air
piping, valves and accessories.
General Efficiency.
"A bituminous coking New Mexico coal containing about
13,500 B T U per pound is used at the plant. The cost In the
plant bin Is $5.20 per ton, this may be cheapened later. The
performance of the gas engines producers, generators, transformers
and motors Is such that the cost of the items of fuel, labor, oil
and waste for the power plant is less than a cent per kw hour, as
measured at the bus bar when the engines are operating at full
rated capacity, and the cost of the same items is less than 1 l/2
cents per kw hour measured at the various Individual pumping
plants on their meters.*'
Transmi sslom System.
The total length of transmission lines is 73.75 miles,
of which the primary or 11,000 volt alternating current line is
38.40 miles and the secondary or 550 volt alternating current line
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is 35.35 miles. The loncest line leading direct from the power
station is slightly over 15 miles lone. All of the lines are of
bare copper wire varying in size from Uo. 8 to TTo. 3. The total
lineal miles of wire used was 225 and the totalweight of wire used
was about 1000,000 lbs.
Transformers.
Excluding the step up transformers at the power plant,
there are 1? transformer stations in the project. These are
located as per requirements and uniformly distributed throughout
the work; the housing consists of a small frame structure partly
closed. Each station has a bank of 11,000 to 575 volt outdoor
type Westinghouse transformers, the size of the several stations
varying from two 25 kw to two 50 kw units.
Poles
Wherever primary and secondary lines are on the same
poles, a 35 foot length was used; for the primary lines alone,
30 foot; and for secondary only, 25 foot leigths. The poles
are cypress, having 7 inch tops. The cross arms are standard
6 foot Washington fir. The poles are painted two coats of
carboleneum for a distance of two feet above the ground line and
two feet below the ground line.
Pumps.
The equipment at each plant includes a special American
Well Works 6 inch type E. M. B. horizontal centrifugal pump, with
an extended base and flexible coupling to receive a motor. The
pump has a capacity of 900 gallons of water per minute when running
at a speed of 1135 revolutions per minute against the total head
assumed; the suction of the pump is 6 inches, discharge Z inches,
diameter of shaft i l/2 inches with open impeller. Each pump
is equiped with a cistern pump, nipple and valve connected in top

volute for priming. There are also an 8 inch vertical check
valve with flange connections and a 6 inch to 8 inch increaser
flanged elbow for suction on pump.
Pits.
"The distance from the surface of the ground at the
various wells or plants to the surface water or water plane
varies from 15 feet to 50. Pits were dug by the farmers around
the wells 6 feet by 10 feet down to the water and the pump motor
and pump was placed in these pits within 6 to 12 inches of the
water plane on a concrete foundation.
Motors.
The motors at the various plants vary in size from 15 h p
to 25 h p, and are Westlnghonse 3 phase 60 cycle, 550 volt, 1135
R P M C C I* motor, direct connected to the pumps on the extended
pump base. The current is carried to the motor on three rubber
covered copper wires placed in a small iron pipe conduit joining
the secondary line on a small pole placed a few feet from the pit.
Hydroelectric Plant for Irrigation.
(A. I. E. E. Vol. 29, Part I, Page 731, J. C. Hays.)
Generating Stations.
"The generating stations consist at the present time of
three hydroelectric power plants having an aggregate capacity of
4850 k w, and one turt-' generator auxilary steam plant having a
capacity of 1,000 k w. Two of the water power plants are on the
Kaweah River and one on the Tule River, the steam auxilary plant
being in Vasalia, the principal town on the system. The fourth
water power plant which will have a capacity of 3,000 k .w. will
also be on the Kaweah River.
"Territory. The territory of the company referred to

comprises approximately 1,050 square miles in Tulare and Kent
counties, California, being a strip of" country about 50 miles
long and 22 miles wide. The only available waters for irrigation
are the waters of the Kaweah and Tule Rivers, all of which have
been long ago appropriated. This gravity water irrigates about
90,000 acres of land and the balance of the territory, or approx-
imately 560,000 acres, must depend entirely on the ground waters
for irrigation before they can be made to produce other than
grain or pasturage.
Transmission System.
"The old transmission lines have wires spaced 36 inches,
the sawed redwood poles being placed 120, feet apart. The new
transmission lines in the valley consist of a double circuit, the
34,000 volt lines being placed on side of the pole, and the 6600
volt distributing line on the other side. The ci rcui ts form
equilateral triangles, the apexes of which point downward; the wires
are spaced 36 inches apart on each circuit. The main line from
the Tule River plant consists of one circuit, the poles being
of ceder 35 and 40 feet in height and spaced 300 ft. apart. Of
all new lines a pole spacing of 300 to 420 feet is used with 35
and 40 foot poles, depending upon the character of the country.
"The power is distributed at 6600 volts, two phase, the
first distribution being at 2200; 6600 volts eventually proved
more satisfactory on the power circuits. The city lighting
systems distribute at 2200 volts two phase, with the exception of
two new systems where three phase has been adopted. There are
246 miles of 6,600 volt line, 53 miles of 2200 volt line, and 28
miles of lighting circuits of 2200 volt line, and about the same
length of low voltage line with a connected load of 1190 k ,w. of
lighting transformers. The consumer supplies the secondary
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transformers for power supply and the power is measured on the
primary side of these transformers.
Forms of Contract and Charge.
"The bulk of power is sold under three forms of contract,
all being for a period of five years or longer. The contract
under which the greatest amount of power is sold, and which is
used by the orange growers, is called the Continuous* rate and
provides for the supply of current at the flat rate of $50 per h p
per year as measured at the peak load at any time during the
season.
"The second contract called the 'spring and meter" rate
applies to the classes of products, such as the deciduous fruits,
alfalfa, etc., and provides for the supply of power at a flat rate
of £25 per h. p. from the period from Feb. 1st to July 31st, when
the meter is cut in and all the current is used during the
remainding six months is charged for at the rate of 3/ per kilowatt
hour. The minimum payment during the meter period is £1.00 per
horse power installed per month, thereby bringing the minimum
charge to approximately §31 per h. p. year, the flat rate charge
being based on the maximum demand.
"The third long term contract applies to power for
miscellaneous commercial purposes not pretaining to irrigation,
and consist of a meter rate with a graded base rate according to
the season of the year.- For motors having a capacity of less
than 20 h. p., an addition is made to the base rate according to
the size of the motor, to motors from 20 to 50 h. p. the base rate
applies, and for motors from 50 to 100 h. p. a subtraction is made
from the base rate. The minimum payment is Si. 00 per h. p. per
month for the rated capacity of the motor.
The above contracts all include the following provisions.
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1. All contracts are acknowledged before a notary
public and recorded.
2. All contracts are an absolute line in the property
of the consumer, the property being accurately described and
recorded In the contract.
3. The consumer grants the company a right of way over
any part of the property described.
4. The use of current being limited to the land
d'escribed.
5. All delinquent accounts bear interest at the rate of
one per cent per month, compounded monthly.
6. The minimum charge under the flat rate contracts is
for 75^ of the rated capacity of the motor. r

Hydroelectric Development and the Philippines'
Agriculture.
In the Philippines where farming is almost the only
industry, it is absolutriy neeessary that intelligent and scientific
methods of cultivation be practiced In order to preserve the
fertility of the soil and to produce more and better crops. At
present the Philippines is maintaining her share In the production
of the world's sugar, ^tobacco, coprax, and Manila hemp by means of
crude and primitive methods of cultivation. She is very far
behind her rivals in taking advantage of the natural forces at her
command. Her coal mines and oil wells are not at all developed
and her innumerable streams are allowed to run to waste. She Is
still clinging to that old method which can only be seen In the
museum of antiquities in other countries.
Due to the death of her draft animals caused by rinderpest
the source of power for the farmers has been depleted. During
these last ten years the price of the carabaos has risen more than
300^, so that at present animal labor has become dear and scarce.
From the report of the Statistical Division of the Bureau of
Agriculture, the number of carabaos in the Philippines at the
beginning of the fiscal year 1911 Is 731,398. Allowing 10^
unreported, there are 600,000 In round numbers. Supposing
600,000 are available for farm work and supposing that 60,000
sq. miles (about 50;w of the total area of the Philipines) only Is
available for cultivation at the present time, then there will be
10 carabaos per sq. mile of 640 acres or one carabao for each 64
acres. The ordinary carabao can only take care of 12 acres,
therefore 52 acres must be left untilled, or only l/5th of the
available land Is under cultivation.
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The present supply of power is then, inadequate. The
price of fuel is so high that the use of steam and gas power is at
present out of the question. Consequently it is to hydro electric
development that the Filipino farmers must look for additional
power In the farms. There are a large number of streams, which
if properly utilized are sufficient to supply the necessary power.
In foreign countries such as France, Italy, Switzerland, and the
United States, the development of water power has become a national
question. Great inducements are sometimes offered in order to
secure the development of these powers. There is no doubt that
sooner or later the Philipines* products will be driven away from
foreign markets unless a sufficient and reliable supply of power
is afforded to the farmers.
Therefore the economical development of the Philipines
rests upon the utilization of water power for the generation of
electricity for general distribution. Should the government
Invite foreign capital for their development, great care and for-
sight must be exercised for the protection of the native interests.
It is the experience of other Colonies that the Interests of organlzec
capital (known as trusts In this country) are often pursued with
absolute disregard of the rights of the natives, and when aided and
abetted by shrewd and corrupt officials every legislation often
leads to the disasterous exploitation of the national resources.
The Filipino farmers are never backward to adopt new
methods, providing they are given a chance to understand them.
Due to the decline of agriculture at the present day there is a
tendency among farmers to migrate to the cities to get jobs,
showing that farming Is no longer a profitable business. This
Is caused by the lack of necessary power. As mentioned before,
the Philipines are strictly an agricultural country and unless the
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present condition is improved the farm will be depopulated and the
depopulation of the farms is always fatal to the national existence
of any country.
Electricity in the Rice and Sugar Industries.
Rice and sugar cane are the most widely cultivated crops
of the Philipines. Rice is for home consumption and sugar for
export. The production of rice offers no difficulty provided
the field is well irrigated as water is absolutely necessary as
long as the rice is in the field. At present rice is harvested
by hand, consequently the work is both slow and expensive..
Threshing is done either by treading out the grain by animals or
men, or by flailing.- Both of these methods are inadequate. There
are in the market machines adapted to this work which can be easily
driven by electric motors. The Geo. L. Squier Co., of Buffalo,
N. Y. , the Blymyer Iron Works Co., of Cincinnati, Ohio, and the
International Harvester Company manufacture several kinds of rice
threshers.
The greatest use of electric motors in the production of
rice is in the pumping of water for irrigation. Rice requires
at least l/'2 n of water every day, or 13,500 gallons per acre per
day for 90 days. Kinor applications of the electric motor are
in husking or milling rice.
The inequality in the distribution of rainfall in the
Philipines makes necessary the use of irrigation in order to insure
a good crop. During one part of the year the rainfall is heavy
and during the other part of the year the rainfall is light or
even absent altogether. Sometimes it comes too late and sometimes
too early. Due to this uncertainly of water supply the farmers
are dependent upon climatic conditions.
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Every year in some sections there is a great loss due to
the late arival of the rains. These severe losses, which have
been particularly marked during the eight past years, called the
attention of the government to the possibility of irrigation.
Gravity systems will only supply a limited area due to the level
of the river bed, consequently Irrigation by pumping must be
resorted to in order to reach those above the river.
With sugar cane irrigation is also required at certain
months. It also requires speedy treatment after being cut, as
the juice gets spoiled if the operation is delayed. Therefore
sufficient and reliable power is required both for irrigation and
for Its manufacture into sugar. The present method of manufacture
of sugar Is wasteful and inadequate. The mill rolls only extract
about 60^ of the juice and the method of evaporation Increases
the per cent Inverted sugar from 10 to 15^ from the time it
enters the first pan.
Mr. E. C. Crich wrote In the Phllipine Monthly on the
needs of the sugar planters for better machinery in the following
words
:
Philipine Monthly, Mr. E. C. Crich, Collector
of Customs.
"There has been a constant influx of sugar machinery
Imported for the past three years, and an earnest desire on the
part of all fi'acenderos to Improve their grade of sugar, extend
their area of cultivation and push on toward advancement as far as
their means allow. So great has been the zeal for extension and
larger crops that planters have planted to cane lands which for-
merly had been used only for rice production, which not only
demanded an outlay in cash to purchase rice, but the unprecedented
heavy rains during the last two months have flooded these lands
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and almost completely ruined the crops grown. Moreover, accurate
calculations prove that even with larcer crops to be taken off,
there must be severe losses on account of the inability of the
present machinery and methods of transportation, to reap the sugar
at the period at which ripeness is indicated, which in the case of
the sugar cane is a feature which cannot be overlooked.
"In the year 191.0 there were 5, 642 carabaos imported.
In 1.911, 12,262. This in itself, although augmenting the working
capacity of the plantations resulting from the wholesale loss of
animals bt the rinderpest, speaks little in favor of the reasoning
and foresight of the Hacenueros, where , experi enc e should have
taught that machinery even for plowing - although the initial price
is somewhat high, yet the satisfactory results obtainable and the
fact that they will last for a long period is much more profitable
than animals that are liable at any moment to be carried off by the
epidemic, and are slow, unprofitable, and supremely unsatisfactory. 11
Given an abundant supply of electric power the sugar
factory can be made more compact and simple as the whole operatior
can be done with electricity. Mr Cyril ¥. Dawson describes in
The Engineer (London) Aug. 28, 1908, an ideal factory as follows:
"The ideal sugar factory should be one in which electricity was
used throughout. The' mills would be worked by motors specially
designed to stand the sudden change of load. Automatic cut-outs
would be provided to bring operation to a standstill in the event
of a mill being choked, thus greatly minimizing the possibilities
of human error. Such a system of working complete with measuring
devices, etc., would place in the hands of the engineer and chemist
a means of obtaining reliable data far in advance of that which
the present system affords. The juice would be concentrated
in electric tripple effect and the concentrated juice would be
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grained in electric vacumn pans. In place of the intricate
system of steam coils electric radiators could be substituted,
possibly taking the form of a series of girds designed to give
equal distribution of heat and to prevent coagulation. Juice
heaters, elimination defectors could receive the same treatment,
keeping the same object in view. The intensity of heat could be
regulated by a series of resistance enabling the pan boiler to
work up the liquor to a nicety. The innumerable small pumps with
their attendant steam pipes and etc., could be entirely done away
with, and electric motors substituted. Such a system of working
would permit of any section of the factory being worked separately,
vis., the crystalization in motion plant which is at present
interdependent on the boilers"
The necessary pov/er for the various .sperations of a sugar
mill appliances is given in the appendix copied from the Bulletin
No. 107 of the Louisiana State University Experiment Station.
(See pages 52 to 55).

Conclusion
To enumerate alone the various applications of electricity
in the faro would occupy a considerable space. The various applicatior
which are mentioned in the preceding pages are only made to 3how that
it is now possible to use electricity on the farm and that there are
a
no insurmontable obstacles in the way for its more extended use.
The tendency of the present day is a universal use of elect-
ricity and it is safe to say that in a few years electricity will
have penetrated every corner of our farms, bringing with innumerable
comforts to relieve the farmers from the drudgery of farm work,
which is largely the cause of migration of farmers to the cities.
The extended use of electricity will bring about the utiliza-
tion of water powers which are at present allowed to run to waste.
The energy ©f the floods which every year cause damage to millions
of property will be thus stored to do useful work. The development
of water powers means the Conservation of the Nation's fuel supply
as every useful application of one horse power of water per year is
the equivalent to saving twelve tons of coal per year. Tennyson's
will thus sing;
"Engineers may come and. Engineers may go,
But I give po7fer to Farms forever."

APPENDIX.
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SUGAR MILL TEST. ( See pa^es 47 to 50).
Machine -
Name - Six roller type, served by a Krajewski crusher.
Size of mill rolls - 34" x 84"
Peripheral speed - 27.
7
1 per minute for front mill rolls,
22.
5
1 per minute for rear mill rolls.
Hydraulic pressure - 330 tons on front rolls,
390 tons on rear rolls.
Driver - 26" x 60" Corliss steam engine with a nominal speed
of 50 r. p. m.
Table I.
Time No. of Card. R. P. M. Boiler Pressure ft. P.
2:30 P
.
M. 1 50. 100 238.7
2:25 P.*• • M. 2 50 100 200 .9
2 :30 P. M. 3 50 100 181.0
2:45 P. M. 4 49 97.5 215.2
2:52 P. X, 5 35 101 37.2
3:00 P. M. 6 35 100 25.4
3:30 P. M. 7 50 101 201 .1
3:45 P. M. 8 50 102.5 184.1
4:00 P. M. 9 50 102 239.9
4:15 P. M. 10 49 101 214.1
4:30 P. M. 11 50 101 211.2
4:45 P. M. 12 50 101 220.8
5:25 P. M. 13 50 98 169.8
5:45 P. M. 14 50 102 174.5
6:00 P. M. 15 50 100 184.9
From records of the mill for the day on which the test
was made, the following data was obtained: Maceration, 5.04$;
fiber, 10.23$; extrection, 76.63$; cane mixed; density of juice,
13.9 Brix.
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On account of a breakage during the night the mill ran
18 l/3 hours during the 24 hours, the mill record showing a
grinding of 901.53 tons during this time. This would be at the
rate of 49.26 tons per hour or 1,180 tons per day of 24 hours.
RESULTS OF TESTS.
By reference to column 5 of Table I it will be seen
that the peer of the engine varies from a maximum of about
240 H. P. to a minimum of about 170 H. P. This gives a mai:
imum of 34.3 H. P. per foot length of roll, or 29.0 H. P. per
foot length per 1000 tons. The variation of power is caused by
irregular feed due to the fact that the cane was unloaded from
cars by mechanical means in such large quantities thst it fell
upon the carrier in bunches, the variable speed of the carrier
being insufficient to correct it entirely. With steam at 100 lbs.
pressure this engine should develop about 320 H. P. It is,
therefore, working considerably below its full capacity at this
speed. It will be noticed that thespeed was only 35 R. P. M.
when card Wo. 6 was taken, the horse-power being 25.4. Since
there was no cane passing, this must represent the combined
friction of the engine and mill. The mill fraction of this
consists of that of the main journals and the gear teeth, as well
as that of the bagasse carrier which is run from theback mill.
It is reasonable to suppose that had the engine been
making the normal speed of 50 R. P. M. at this time that the
power would have been increased in the ratio of 50 35, which
would run the friction up to about 56 horse-power. Taking 240,
the maximum horse-power as the basis, the friction of both engine
and mill amounts to only 15^ of the total. The friction of the
engine of this type may be taken at about 10$, which would leave
only bf of the total indicated horse-power lost in mill friction.
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MAIN CANE CARRIER.
The carrier supplies cane to the mill upon which the
test recorded In preceding pages was made. The total length
Is 600 feet, and the vertical distance through which the cane is
liftdd is 27 feet, the cane being carried on the day of the test
at the rate of 1180 tons per 24 hours or 49.26 tons per hour.
Table II.
1
.
2 3 4
Time Volts Amp. H. P.
1:30 P. M. 110 105 15.5
1:31 P. M. 111 62 9 .
2
1:32 P. M. 112 65 9.7
1:33 P. M. 112 66 a 9
1:34 P. M.
.
114 40 6.1
1:36 P. If. 110 70 11.0
1:38 P. M. 111 52 7.7
1:39 P. M. 109 68 9.9
1:40 P. M. 113 62 9.4
Average 111 65.5 9.8
The average energy supplied to the carri er is 9.8
33,000 or 323,400 foot pounds per minute. The useful work
done in lifting the cane Is 49.26 x2,000 x 27 foot pounds per
hour, or 2660040 •¥ 60 - 44338 foot pounds per minute. The
efficiency, therefore, is (Useful work) -s- (Supplied work) or
44338 -5- 323400 = .137. In other words, 86.3^ of the work is
used In overcoming friction.

MACHINES USED -
4 - 30" centrifugals of the 97 model, western type
for drying 2d sugar
5 - 40" centrifugals for drying 1st sugar.
Belt driven. The 30" is driven by a D. C. motor
through a main belt by a jack shaft from which individual
centrifugals were driven by belts. The 40" were driven in the
same way, except that the source of power was a 10" x 12"
automatic high speed en ine.
Table III.
Load. :
1 starting
'with count-
er shaft
'and con-
veyor
: Running
:wi th
: counter
: shaft &
: conveyor
:h.p. pne
rstarting
. c eni»ri —
:fugals
:only
:h.p. runing
:centrifu=
: gals
:only
i
volt :amp. :h. P. :Volt :amp. : h . p
.
:
Counter shaft :
and conveyor : :119 :40 •6,3a
One empty cen- :
trifugal : 112 •160 :22 .7 •117 •70 •10.9:: 17.62 : 4.60
Two empty cen- :
trifugal s : 113 150 .22 .7 '1165 :80 .•12.4. • 16.32 : 5.07
Three empty :
centrifugals : 111 : 180 : 26 .6 :•116 !•90 :•14.0 ! 20.52 :: 7.62
Four empty :
centrifugals : 110 170 25 .8 ! 114 !100 15.3! 19.52 : 8.92
One loaded :
centrifugal : 112 : 140 .•21 .0 : 117 .65 . 10.2 . 14.62 3.82
Two loaded :
centrifugals :: :111 : 150 : 22 .3 ::ii6 :•95 : 14.7:• 15.92 : 8.32
Three loaded :
centrifugals : 107 : 250 : 35 .9 :•115 : 120 : 18.5: : 29.52 : 12.12
Four loaded :
centrifugals : 110 : 180 : 26 .5 : 115 : 122 : 18.8:: 20.12 : 12.42

A SUMMARY OF THE RELATIVE VALUES OR COSTS OF POWER.
The effect of one horsepower is to be obtained In the
following manner (One horse power equals 33,000 ft. lbs. per min):
By men - By 12 men working cranks.
By animals - By 3 powerful oxen.
By 2 good horses.
By wind - By a 16' windmill in a good breeze.
By water - By a fall of water of 533 cubic feet, or
3,300 Imperial gallons falling a foot in
one minute.
By a fall of water of 53 cubic feet or 330
Imperial gallons falling 10 feet in a
minute.
By fuels - By l/20th of a pound of the best coal per
minute, in the best class of boiler
and engine.
By l/6th of a lb. of coal (ordinary) per
minute, in an ordinary boiler and engine
By l/3d of a lb. of wood per minute , in a
special boiler and ordinary engine.
By l/2 of a lb. of straw per minute in a
special boiler and ordinary engine.
By explosions - By exploding good city gas in a first class
gas engine at the rate of one-third of
of a cubic foot of gas per minute.
By exploding good city supply gas in an
ordinary gas engine at the rate of 1/2
of a cubic foot per minute.
By exploding petroleum at the rate of t/60th
part of a pint per minute.
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It is only necessary
, therefore, in order to arrive at a
ready approximate conclusion as to the local economy and vaiae of one
or other of the above to multiply any one by the minutes of work in
a day, and multiply the result by the number of effective horse powers
required. This will give the total material used. The cost of eithe|
will then be reached by a knowledge of its local cost or price.
As the cost of machine is one of the deciding factors in the
installation of power plants, I have here quoted the cost various
kind of machines in the form of equations derived by Mr. J. Jinguji
( Graduating Thesis for B.S. in Electrical Engineering 1912) from
many purchases and sales in and for many different markets. Relative
to the cost of operation and maintenance of small power plants, sever
al curves from Prof. E.L. Streeter*s article on the "Cost of operation
of Internal Combustion Engines" are hereby reproduced on pages 60-65.
Machine Size
Cost of Maclji
Type
ne.
Remarks Costs
Boil ers 100 — 159hp
50 - 2C0 hp
Hoz. water tl!
Fire tube
without fit
with fitting
Boiler settling
Steam engine 50 - 235 hp
70 - 750 hp
225 1000 hi
Low speed
Pliph n
80 - 560 hp
Low speed
15 gh speed
noncondensing
Condensing
conpound high
speed
Condensing
cross comp.
Cendensing
Enging setting
Feedwater heatdV
Condensers Jet
C=320 + 7. 25hp
C= : + 5.4
C= 110-1-74 hp
C=240 -K9 ]pp
C = 150 + 12.8 iflp
C= 1:90+6.4 hp
C =40C
-f 11. £ hp
C =33i-f 12.5 hp
C -940 +10.6 h]
C =50 + .8 hp
$1 per h. p.
$5 to $6 per Sip

mMachine
Cost of Machine^ ( Continued )
Size Remarks
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Costs in dolaa s
• PCondensers
Turbine
D.C. Generators
Surface
25-1000 Kw
A.C.
Water wheel
D.C . Motor
Transformer
Induction Motor
200-325 r.p
50-360 kw
180-2000 kw
Direct conn
Belted
Engine driv
en
1_7S h.p.
.7-12 h.p
10-75 hp
1-12.5 kw
12.5-50 kw
1.5-150 kw
High speed
Low speed
Variable
GO cycle
7 to 9 per
Cs 000-1-12 kw
C= M0 4l2.90kf'
C= I ")0 + 13kw
C= 0-hl2.2kw
kw
c = ,0 + 200—
C=2 180+750^—
1
r.s_P.l>
= ::4316
m
1/ir.p m
- 3.0-27000
r^. t
-' 25-46500^-2
r. o .it
.m
h.p.
r.o.m.
High Effi.
High Speed
1200-1800
rpm
16-f- 3.90 kw
50+6.3 kw
- f2230
r.p.Jtt
.As to the cost of power plant as a whole Mr H.G.. stott in his
article entitled "Notes on The Cost of Power" gives the probable ave
rage plant cost per kilowatt as 8 125.00 for reciprocating steam
plant; I 93.75 for steam turbine plant; % 100.00 for reciprocating
engines and low pressure steam turbine plant; $ 137.50 for gas engine
plant; & 120.00 for gas engines and steam turbine plant; and $ 125.0
for hydraulic plant. On pages 36 to 7o are given the derivation
of a mathematical eqtiation which of great importance in the preliiii_
nary investigation for the installation of a central station.
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Appendix.
(Copied from Prof. R. L. Streeter's articles on the
"Cost of Operation of Internal Combustion Engines"
,
Eng. Mag.,
Dec, 1911.
The 'fixed charges' were apportioned for the steam and
gas producer gas plants as follows:-
Depreciation 5$
Interest on Investment 5^
Repairs 2°/o
Taxes 1#
Insurance lfi
For high pressure oil plants depreciation was assumed to
be 5.5^ and repairs 2.5^
The wages of a first class engineer - - - 84.00
per day.
per day.
The wages of a first class fireman £2.50
Smaller plants wages of second-class engineers $2.50
Heating value of coal 13,000 B T U per lb.
Heating value of oil 19,000 B T U per lb.
Price of water $.10 per 1,000 gals.
Lubricating oil .22 per gal.
Cylinder oil .30 per gal.
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Financial Equation for Central Stations.
The following mathematical equations are given by. M. Jean
Mathiew in the Oct. 9, 1900 number of La Lumiere Electrique.
This central station Is designed to sell power and light within
its own neighborhood (i.e. no long dis 1 • je transmission lines).
Let A = Capital of such an enterprise in stock.
= v t • o i bonds.
C = " expended for equipment of same.
P = " orse power of machine installed.
K = "ilowatt hours per annum to be sold in order to insure
financial stability,
d = "Dividends
t = Rate of interest on bonds,
a = Depreciation.
Fg = General costs corresponding to the sum Ad+.Ot-fCa
Annual fixed charges = Ad 4- 0t+ Ca-I-Fg.
Let us assume that the general costs to be 30^ of the
working costs, and may threrfore be allowed for by multiplying all
costs (fixed and variable) by 1.3
Variable costs consists of coal, water, oil, saleries,
repair c ' machines.
Let c rrcost of coal
e = " water
h == " " oil and waste
s = salaries
E = repairs on machines
Total costs c-l- efht sf E
Let v = mean selling price per kw hour
kv =. Income per annum.

(Ad+Ot+ Ca+ c + c+ h+s-f- E)1.3 = lev (1)
and A can be expressed as functions of C and C, h, s, E, as
functions of P, c, e varies with k and can be expressed as function
f(k).
In general
A = C = 2 x
d = .05
t = .04
a = .07
The following imperical formula is derived' by 11. Mathieu
based on the analysis of central stations In operation during the
last ten yea/
.
(The original figure is in Francs.)
C = 1,000 |/P~
s == 160 ^P" (Supposing all machines running on peak load)
h+ I] = .8P; P = horse power, C, s, h, E in dollars.
Concerning (c-|-e), the coal and water charges can be combined
together, as water is obtained by electrically driven pumps
supplied by the station generators. An average consumption of
coal per kw hr. is 3.30 lbs. per kw hr. and a mean price of .182^
per lb. ($3.60 per ton).
r =.00182 x 3.30 .0060 dollars per kw hr.
v, the selling price per kw hr. depends on the ratio of the
power i . lighting rates and on the kw hrs. sold at each rate.
Let kf = i.lowatt hrs. sold for power
fcj = * lighting
v~ = .^ates for power
v, = n lighting.

vf = $.015 v1= 3.030
Let kjw mk.
.015m +.030
Substituting which values in equation (') we have
(14000 |fp x .05 4-7000 |fp" x .04-4- 140C0 x .07 + .0060k
160 H>~ )1.3 .015qi_-i-.05Q_ fc
' m + 1
(2120 I/T+. .8P)1..5 = 1 l9i55±l252 + .0078 I k
v
1 m-4- 1
8P +
2760 |F+i.04P=| '°15^ ±-Z
1
I m
-f-
1
.j_ .0078m •+• .0078 (
m 4- 1
.0072m 4- .0222
m4-
ih m= 1 k = 148,000
m = 2 k = 226,000
m =3 252,000
j¥+ 7tOP
fP 4- 81.. 4P
|/~~
-f- 51
T3
Jl, wh en mal j£_ when m = 2 k when m =s Z
1 188071 226081 252095
4 366284 452324 504382
9 564630 678732 7568 59
16 753134 905300 1008530
36 1126500 1358930 1512344
64 1508550 1813200 2022000
100 1887100 2268140 2529 500 •
400 3788400 4552560 5078200
1600 7530000 9173000 10233000
3600 11536000 13853000 15464000
6400 1549 5000 18600000 20772000
1000C 19510000 23414000 26155000
The curves plotted for the above equations, are as shown, at
the next page. These curves are of considerable importance in the
preliminary investigation of a central station.
i, TChat is the minimum annual kw hrs. that a station of total
horse power P must sell to be financially stable?
I
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2. What must be the horse power of station to provide k kw hrs.
per year, and v/hat should be the capital engaged in the seheme?
The following numerical examples will explain the use of
the above formulas.
Assume a 4,000 h. p. installation for financial stability
the yearly uot put of such station:-
( A) with m =3 k=18.1 x 106 kw hrs. per year
50200 . * , daily return
^^T32- x 50200=594!
• 4
(B) with m=2 k = 14.6 x 10 6 or 40500 kw hrs per day with a
daily return of tQ5Q +- 03Q— x 40500 = S810
3
(C) with m=l k= 12.1 x £0 6 or 34600 kw hrs per day with a
dally output of -i2iI_±i03Q x 34600 =0780
2
The installation will cost C= 14000 P =14000 4000 .$85500
II. Suppose a station is required to yield 10000000 kw hrs per
year or 4G5C0 kw hrs per day. Wi x h m=3,- P= 4950 from curve.
Receipts per day
__
.C45 -.050
^ 495QQ = $929
4
Capital A =14000 49 50 = $986000
Liabilities = A/2 = $493000
With m=2 P = 6100 Receipts per day = ——~™-x 49500 =$990
Capital A=14000 6100= $1095000
With m=l, P= S700, Receipts for day =-^-^------ x 49 50= 31116
Capital A= 14000 8700 = $1305000 Liabilities = A/2= $652500
On the following pages are given an estimate of the variou
items which make up the cost of power for a power plant of about 100
kw capacity a right size for -a medium size plantation.
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Mr. Caryl D. Raskins in an article In "Municipal En-
gineering", Vol. 38, page 168, made the following estimate of the
costs and apparatus necessary to install an electric power plant
of 100 Kw. (134 H. P.) capacity supplying power and light to a
town of 1000 people;-
LIST OF APPARATUS IN GENERATING STATION.
Boiler room -
2 - 70 h. p. return tube hollers § $725 . . . $1,450.00
Masonry ............ 550.00
Piping, Inc. connection to engine 250.00
Foundation for heater and pump 25.00
Haulage
.
75.00
1 - Steel stack, 100 h. p. . 135.00
1 - Feed water heater, 100 h. p 150.00
1 - Boiler feed pump, 10C h. p. 110.00
Total , . $ 2,775.00
Engine room -
2-75 h. p. high speed simple engines § $1,050 . . f 2,100.00
Foundations, each $100 200.00
Installations, 'each $100 200.00
2-50 KW. (67 h.p.) generators, @ $805 .... .1,610.00
2 - Belts § $50 . 100.00
Switchboard 500.00
2-2' 1/4 kw. CQ exciters, @ 150 ..." . . . . 300.00
2 - Belts § $10 20.00
1 - C. C. transformer 220.00
1-2 kw. transformer for station lighting . . . 30.00
Installation, wiring, foundation, etc 22 00
Total . . $5,550.00

Franchise and legal expenses ......
72
8 OoO.CJU
Building, including real estate ..... •i Ren nn
Total cost of station
.
110,275.00
ine cost of a typical distributing using 2, OUU VOlt,
three—phase with transformers is:-
10 — kw. vk.f h.p.j pole p.. B.type transformers . . <f DUU . UU
— 2 kw. (,2.0b n.p.; pole n. b.type transformers . . llO . UU
4 — 1 kw. [ 1 . 04 £.p.; pole n. u, type transformers . . (U . UU
y — jviiies 01 jmo. wire, weignx, o, ouu ids.
,
poxes, mc
cross arms, insulators, pins, etc., line construction,
60 -Series incandescent lamps C $7 • • • • /on nne±<j<J . UU
90 - Recording wattmeters § $12 -i ncn nn1 , UoU . UU
Total . O , ( 1 1 . UU
rn j ^ i •» i i* _ aTotal central station cost . . 1 n 0*7 r nnlU f <o<O.UU
Total first cost of entire installation •i a nAA nn£1 4 , UffcO . UU
+ a-t *7 nn41 ' . UU.
Grand total . . $15,463.00
Fixed charge, inc. depreciation, insurance, and
laX6S > lv/f • • • • • • • S> 1 , ooo . UU
Engineers' salaries (2men, one at S/2U, one at bouu . -i ^9n nn1 , O<0U . UU
Superintendent's salary ....... qnr 'nn3uV. • UU
Coal, 700 tons, § $2.75 1 q r n n
Oil, waste, etc. . . 1 nn nnX UU » WU
Incidentals (supplies) ....... 200 00
Office expenses ......... 2 5n no
Total operating expenses . $ 6,253.00

GAS ENGINE PLANT -
List of apparatus in generating station -
2-75 h.p. gas engines, complete with 50 Kw. generators $ 8,000,00
Foundations for same, each $100 400.00
Installation, each3l50 . 300.00
2-3 1/4 kw. CQ exciters § §150 300.00
2 - Belts § $10 20.00
Switchboard .... 500.00
1 - Constant current transformer 200.00
1-2 kw. transformer for station lighting
. . .
30.00
Installation, wiring, foundation, etc. .... 220.00
Total $15,436.00
OPERATING EXPENSES -
Fixed charge, inc. deperciation insurance, and taxes
at 10# I 1,'697.00
Engineers' saleries (2 men, one at §720 & one at $600) . 1,320.00
Superintendent's salery 900.00
3,599,000 cu. ft. of gas g 30£ per 1,000 cu. ft. . . 1,050.00
Oil, waste, etc 20C . 00
Incidentals 40C .00
Office expenses ... 250.00
Total operating expenses $ 5,847.00
On the following pages are given some general information
which may be of use to the farmers who are now contemplating to ir-
rigate their fields with water pumped from wells. As windmills are
sometimes advantageous as an auxilliary apparatus for this purpose I
have given at the end some data on the cost of modern windmills.

GENERAL INFORMATION.
Standing water - Figured in cubic feet.
Irrigating water - Acre inch or acre foot.
Flowing water, one gallon - Cubic feet per second, Miners' inch.
One acre foot - 43,560 cubic feet.
One acre foot - 325,829 gallons per minute.
One acre Incn - 3,630 cubic feet.
One cubic foot - 7.5 gallons.
One cubic foot per second - Second foot.
One second foot - 450 gallons per minute.
One second foot (Continous flow) - 2 acre feet in 24 hours.
Miners ' inch - Quantity of water flowing through an aperture „
one Inch square under a head of (in
Colorado and Idaho, 4", in California
and Montana, 6"
)
100 California Miners* inch - 4 acre feet in 24 hours.
100 Colarado Minres' inch - 5 l/2 acre feet in 24 hours.
225 gallons per minute - Cover one acre one inch deep in 2 hours
and 21 minutes.
Cubic feet per second - The cross section x the velocity can be
obtained by timing a float for a measured
distance.
Doubling the diameter of a pipe increases its capacity four times
Horses drink 5-10 gallons per day. Cattle drink
7-12 gallons per day. Hogs drink 1-2 gallons per day. Sheep
drink 1—2 gallons per day. With 40 -50 lbs. per sq. in., an
ordinary 3/4* garden hose nozzle requires about 6 gallons per
minute, when throwing a solid stream, or about 4 gallons when
spraying. It requires about 8 gallons to sprinkle 100 sq. ft.
of lawn; 16 - 20 gallons will soak it thoroughly.
/
ACRES IRRIGATED BY VARYING QUANTITIES OF WATER.
The following table taken from government tests shows the number
of' acres Irrigated in 1, 10, and 24 hours, pumping various quantities,
and irrigating various depths, local conditions, of course, vary
and this table has been compiled from a comparison of various sections
.
Gallons Acres Irrigated in
3"
1 hour.
Pumped 1" 2" 4" 5" 6"
per Min. Deep Deep Deep Deep Deep Deep
600 1.3 .6 .4 .3 .2 .2
824 1.8 .9 .6 .4 .3 .3
988 2.1 1.0 .7 .5 .4 .3
1000 2.2 1.1 .7 .5 .4 .3
1200 2.6 1.3 .9 .6 . 5 .4
1500 3.3 1.6 1.1 .8 .*6 .5
2000 4.4 2.2 1.4 1.1 .9 .7
Gallons Acres Irrigated in 10 hours.
Pumped l n 2" 3" 4» 5« 6"
per Min Deep Deep Deep Deep Deep Deep
600 13.2 6 .
6
4.4 3.3 2.6 2.2
824 18.2 9.1 6.0 4.5 3.6 3.6
944 20.8 10.4 6.9 5.2 4.1 4.1
988 21.8 10.9 7.2 5.4 4.3 - 3.6
1000 22.1 11.0 7.3 5.5 4.4 3.7
1200 26.5 13.2 8.8 6.6 5.3 4.4
1500 33.1 16.5 11.0 8.2 6.6 5.5
2000 44.2 22.1 14.7 11.0 8.8 7.3
Gallons Acres Irrigated in 24 ]hours
.
Pumped 1" 2" 3" 4" 5 6"
per Min. Deep Deep Deep Deep Deep Deep
600 31.8 15.9 10.6 7.9 6 .3 5. 3
824 43.7 21.8 14.5 10.9 5 .7 7. 3
944 50.0 25.0 16.7 12.5 10 .0 8. 3
988 52.4 26.2 17.4 13.1 10 .4 8. 8
1000 53.0 26.5 21.2 13.2 10 .6 10. 6
1200 63.6 31.8 26.5 15.9 12 .7 13. 2
1500 79.5 39.7 29.4 19.9 15 .9 17. 3
2000 106.0 53.0 35.3 26.5 21 .2

SIZES, POWER, AND COST OF MODERN WINDMILLS.
7C
Effective Horse r Cost of Wind_ t Cost of ' Cost of
Dia- ' a. » Power. mill and V Windmill ' Steel
meter 1 gear Suited t Ungeared, ' Tower
of p. ' Wind at' Wind at' for Driving t Suited for ' 24
Wheel 1 14 ' 18 ' Machinery. 1 Driving » Feet High
M. ' Miles.
'
'
Miles. ' T Pumps.
Feet • H. P. • H. P. '
!
12 • 48 ' i/2,
;
1 ' $125
!
$125 ' $140
13 ' 46 5/8 ' 2 • ' $150
!
$150 ' $150
14 • 43 • 3/4 • 3 $250 - $300
!
$275 ' $150
16 • 40 ' 1 ' 3 1/2 » $325 - $400
!
$325 • $175
18 * 37 1 1/2 ' 4 » $425
\
$400 • $200
20 ' 34 ' 1 3/4 - 2
'
4 l/2 $475 - $500
\
$425 $225
22 32 • 2-2 1/2
»
5 • $600
\
$500 ' $225
24 ' 31 • 2 1/2-3' 6 • $700
\
$575 ' $225
25 * 30 ' 3 - 4 ' 7 ' $850
\
$700 ' $235
28 » 28 » 4 1/2 » 8 ' $925
\
$750 ' $235
.30 ' 26 ' 5 - 6 ' • 10 • $1,000
\
$800 ' $250
- 35 » 22 ' 6 - 8 ' 11 « . $1,250
|
' $300
36 • 8
.
1 12 ' 11, 375
40 ' 9 - 12 ' 18 1 $1,625
50 1 15 - 20 '. 28 .' $3 , 1 <i 5
60
;
i
20-30 ' 40 1' $3,900



